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(54) Communication system and method with variable training means 



(57) Method for operating a communication system 
comprising one or more transmitters and receivers. The 
transmitted signals are provided with a preamble for 
training the receiver and/orthe transmitter being in com- 
munication. The quality of the received signal is meas- 
ured and compared with a threshold. If the quality is 



higher or lower than said threshold, a short preamble 
processing respectively a long preamble processing is 
used. More than one threshold and associated pairs of 
preambles having different length may be used. 
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D scriptlon 

[0001] The invention relates to a method for operating 
a communication system comprising one or more trans- 
mitters and receivers, in which the transmitted signals 
are provided with a preamble for training the receiver 
and/or the transmitter being in communication. 
[O002] Such a method is known from "IEEE 802.1 1b 
Wireless LAN standard". In this known method a pre- 
amble in transmitted signals is always needed, the 
length of the preamble needs not be fixed. If the propa- 
gation conditions are good, the preamble may be short, 
just enough to set the receiver parameters like frequen- 
cy and timing offset. In worse conditions the detection 
of the signal may be difficult and training the receiver by 
means of the preamble may be even more difficult. In 
the latter conditions a longer preamble may help to train 
the receiver because of the possibly longer training pe- 
riod. 

[0003] In recent communication systems higher data 
rates are introduced, impulsing the need for short pre- 
ambles. 

[0004] In known systems the problem is encountered 
that the receiver will not know for certain that a received 
signal will have a long or short preamble and whether 
the propagation channel will be good or bad, needing a 
short or long preamble respectively. 
[0005] The invention has the object to provide a meth- 
od of the above mentioned kind, in which the above 
mentioned problems are obviated such that with a tol- 
erable detection quality the preamble having the as 
short as possible length is choosen and that thereby the 
throughput of the data is as high as possible. 
[0006] This object is achieved by the invention in that 
the quality of the received signal is measured and com- 
pared with a threshold and that if the quality is higher or 
lower than said threshold, a short preamble processing 
respectively a long preamble processing is used. 
[0007] The invention has the advantage that without 
any prior knowledge of the propagation conditions the 
mostfavourable preamble processing is always used for 
having an as high as possible throughput. 
[0008] Further embodiments of the invention are 
specified in the method subclaims. 
[0009] Moreover the invention relates to a communi- 
cation system suitable for using the method according 
to one of the preceding claims, comprising one or more 
transmitters and receivers, in which the transmitted sig- 
nals are provided with a preamble for training the receiv- 
er and/or the transmitter being in communication, which 
system is characterized in that the receiver is provided 
with a quality measuring device to the input of which the 
received signal is fed and at the output of which a quality 
measure signal is developped and with a comparator to 
one input of which the output of the quality measuring 
device is connected and to the other input of which a 
threshold signal is supplied, in which in response to the 
comparison , a short preamble or long preamble 



processing is used. 

[0010] Further Matures of the invention are described 
in the system subclaims. 

[0011] The invention will be explained with reference 
5 to the drawings, in which are shown in: 

Figure 1 the processing steps for a long preamble 
with and without antenna diversity; 
Figure 2 processing steps for a short preamble with 
10 and without antenna diversity; 

Figure 3 a state diagram for preamble processing 
decision; 

Figure 4 a state diagram of a fallback algorithm; 
Figure 5 a state diagram in the receiverfor process- 
es jng the long and short preamble. 

[0012] In a (wireless) digital communication system, 
the transmitter and receiver need to adapt the transmit- 
ted signal to get correct reception. Mostly the receiver 

20 w j|| do a number of adjustments, like amplification and 
filtering, as well as frequency offset and timing offset 
control. Also the propagation channel may be taken into 
account for better reception. In more advanced sys- 
tems, the transmitter may also adjust the signal, like 

25 adapting output power of transmission scheme (data 
rate), depending on the response of the receiver. 
[0013] In all those cases a certain training signal is 
needed which is transmitted before the data signal is 
applied. This training signal is called the preamble. The 

30 preamble does not contain useful data since it will not 
be reliably detected and thus is merely overhead. This 
overhead on the true payload (data) lowers the overall 
throughput and may become significant when a pream- 
ble is needed for every relatively short burst of data, i. 

35 e. packet data in a dynamic environment. The bursts be- 
come shorter when higher data rates are used (for con- 
stant data load) and thus the overhead of the preamble 
becomes relatively larger with higher data rates and lim- 
its the value of higher data rates. 

40 [0014] Although a preamble is always needed, the 
length of the preamble needs not to be fixed. If the prop- 
agation conditions are good (little distortion and low 
noise) the preamble may be short, just enough to set 
the receiver parameters like frequency and timing offset. 

45 In harsh environments the detection of the signal may 
be difficult and training the receiver may be even more 
difficult. A longer preamble may help here to tune the 
receiver. Recently higher data rates (5.5 and 11 Mbps) 
are i ntroduced, imposing the need for shorter preambles 

so because of the desired low ratio of overhead and true 
payload. 

[0015] The implementation of the above idea of the 
long and short preambles in a communication system is 
difficult but of particular importance when higher data 
55 rates are introduced. The receiver will not know for cer- 
tain that a signal will have a long or short preamble and 
whether the propagation channel will be good or bad, 
needing a short or long preamble respectively. It may 
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start with the anticipation of the short preamble and con- 
tinue with the training as iong as the data section is not 
detected by means of a Start-of- Frame Delimiter (SFD). 
Although not impossible, it is rather difficult to do this in 
a practical implementation. In such an implementation 
the receiver will have a certain order of processing the 
preamble: 1) carrier detection (CD); 2) automatic gain 
control (AGC) and antenna selection (both optionally, 
may be combined with 1); 3) timing acquisition (tim.); 4) 
frequency offset compensation (may be interchanged 
with 3); 5) acquisition of the channel impulse response 
(optional). In Figure 1 and Figure 2 these processing 
steps for long and short preambles respectively are il- 
lustrated. The figures 1 and 2 show the function of parts 
of the preamble aligned with the processing. The slack 
is to compensate for missed carrier detections and thus 
reduces the risk on missed SFDs. After this processing 
of the preamble, the detection of the SFD can start. Any 
of the processing steps may degrade in accuracy if the 
available time is shortened and if the previous step is 
less accurate. So first processing with the anticipation 
of the short preamble will perform worse in difficult en- 
vironments compared to a receiver that anticipates on 
a long preamble and optimally uses the available train- 
ing. Only sending long preambles will limit the through- 
put in situations where short preamble suffice and only 
processing long preambles prevents the usage of short 
preambles. 

[O016] Instead of accepting worse performance or 
good performance for limited situations, the invention 
combines the short and long preamble detection in the 
receiver. The invention is that the receiver will first as- 
sess the signal quality of the received signal before it 
decides whether to use the short or long preamble 
processing. If the signal quality is good enough to use 
the short preamble, it only does the short preamble 
processing, even through a long preamble may be 
transmitted. If the signal quality is below a certain 
threshold, only the long preamble processing is started 
and packets with short preambles are lost. The thresh- 
old is set such that reception with a short preamble is 
likely to be unreliable, so the loss of the packet does not 
give additional system degradation. 
[0017] In Figure 3 the state diagram of the above 
method of the invention is shown. 
[001 8] According to the invention it is decided to proc- 
ess with the anticipation of either a short or a long pre- 
amble. The quality of the received signal is measured 
in the receiver. This received signal quality measure 
Q RX must represent the environmental conditions such 
that it can indicate whether a short of long preamble will 
be sufficient and must be available before the process- 
ing starts. The signal quality measure Q RX is compared 
with a threshold T preamb)e . If the signal quality is above 
the threshold (Q RX > T preamble ) processing of the short 
preamble is used. If the signal quality is below the 
threshold (Q RX < T preamb!e ) the long preamble process- 
ing should be used. 



[0019] As quality measures, the signal-to-noise ratio, 
the signal strength or the signal peak value could be 
used. The signal-to-noise ratio and the signal strength 
could be derived from the automatic gain control usually 

5 used in communication systems. 

[0020] The method of the invention assures that the 
optimum preamble length is chosen. Depending of the 
reliability of the signal quality assessment, some situa- 
tions may not be covered and a fallback mechanism 

10 may apply. For instance the receiver will expect a retry 
with a long preamble and anticipate to that. Or the trans- 
mitter will use a fallback transmission scheme which is 
more reliable, either with a long preamble, or a more 
robust modulation, or both. 

15 [0021] The fallback mechanism will be explained now 
for a wireless LAN system by reference to Figure 4. 
[0022] Generally wireless LAN systems do not know 
the environmental conditions before transmission, so 
the rate must be adapted in response to (success of) 

20 earlier transmissions. As an extension to the invention, 
a fallback algorithm with long and short preambles in the 
wireless LAN system is proposed. Generally, fallback al- 
gorithms regard a lost packet as a result of the environ- 
mental conditions and switches to a more robust mod- 

25 ulation or coding scheme as a response. The fallback 
algorithm according to the invention will use the long 
preamble as a robust step in the fallback mechanism 
but with less throughput, and the short preambles as a 
step with higher throughput but with less robustness. 

30 The ways to combine this with the fallback rates are var- 
ious, depending on how robust the preambles are com- 
pared to the rates. Ideally the wireless LAN system 
measures the propagation conditions and determines 
the optimum rate and preamble length. Practically this 

35 may reduce to first decide which rate to use and then 
determine the preamble length. As illustrated in Figure 
4 it is started with a long preamble. Thereby the fallback 
algorithm is compatible with prior art systems, wherein 
only long preambles are used. 

40 [0023] The optimum rate determination is based on 
the propagation conditions, for example the occurence 
frequency of the lost of a data packet. When the propa- 
gation conditions are sufficiently good an acknowledge 
signal is received at the transmitter. If the acknowledge 

45 signal is not received this means that the data rate is not 
optimal and this is changed. This loop runs until the op- 
timum data rate is obtained with the sufficiently good 
propagation conditions. 

[0024] Then the short preamble is set. In the second 
so loop the preamble with the correct length is determined 
and set. Another solution is determining the preamble 
length first and then the rate. Other solutions are com- 
binations of these two methods. 
[0025] In Figure 5 a preferred implementation in an 
55 example of a wireless LAN high speed communication 
system is illustrated, where only the necessary details 
related to the invention are shown. Refinements in the 
process and signals for others purposes are left out. 
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[O026] The received signal quality measure of this in- 
vention must be known before the processing starts, so 
in this wireless LAN system the implementation is limit- 
ed to measures like the received signal strength indica- 
tor (RSSI) or signal-to-noise ratio (SNR). In the pre- 
ferred implementation full details about the environment 
are only known after the preamble. 
[0027] To achieve maximum reliability for the long pre- 
amble processing, the processing steps for the long pre- 
amble with antenna diversity similar to Figure 1 are fol- 
lowed. In the implementation that will be shown here, 
the Carrier Detection and AGC (The RSSI or SNR re- 
sults from the AGC), are combined but this does not ef- 
fect the available time for the other processing steps 
within the preamble. The preamble is 128 M s long after 
which the SFD of 1 6 ^s starts. Then the header and data 
follows: The slotting is 20 ^s so each 20 ^s (with some 
slack) a new frame may start. The long preamble ends 
with a different SFD (LongSFD) than the short preamble 
(ShortSFD). 

[0028] The short preamble is 56 ^s long after which 
the ShortSFD of 1 6 starts. It is assumed that the AGC 
needs the same amount of time as with the long pream- 
ble and can be combined with the carrier detection al- 
gorithm with the same reliability as for the long pream- 
ble. If not combined, the system performance may be 
degraded significantly. Slack is still needed to decrease 
the probability on missing a SFD. Although the training 
time may be reduced, anticipating that the propagation 
conditions are quite good (signal quality Q nx is above a 
threshold T preamble ), there is likely too little time to do 
antenna diversity. So the short preamble processing is 
done, similar to the processing steps for the short pre- 
amble without of antenna diversity as shown in Figure 2. 
[0029] The implemented method of the invention is as 
follows. Every slot of 20 R s the antenna is toggled (ant. 
A <-> ant. B) and the selected antenna is measured on 
RSSI (by doing the AGC algorithm, but may be as- 
sessed in a different way as well without doing the AGC 
algorithm) and carrier presence (CD algorithm). The 
RSSI is taken as signal quality measure Q RX . 
[0030] If there is a carrier detected and the RSSI is 
above the antenna diversity threshold (ADthreshold) 
there will be no further antenna diversity and the short 
training will be started. In this embodiment AD threshold 
is equal to T preamble , but this Is not required. After the 
training the receiver will wait for the SFD and meanwhile 
the channel impulse is acquired from the received sig- 
nal. The receiver will simultaneously check for the 
ShortSFD and LongSFD. If both SFDs are scrambled 
with a known pattern, the detection may be done on the 
scrambled SFDs. After detection the appropriate proc- 
ess for the short header or long header (following the 
short and long preamble respectively, counting informa- 
tion on the physical layer) is started. 
[0031] If there is a carrier detected and the RSSI is 
below the ADthreshold the receiver checks the other an- 
tenna burst and selects the strongest for further 



processing (antenna diversity).The long training is start- 
ed then and after the training the receiver will wait for 
the LongSFD while it acquires the channel impulse re- 
sponse from the received signal. After the SFD detec- 
5 tion the processing of the long header is started. 

[0032] The implemented wireless LAN system reacts 
dynamically to its environment with various fallback 
rates and long and short preambles. Since the transmit- 
ter does not know how the propagation channel to the 
10 receiver looks like, the implemented wireless LAN sys- 
tem assesses the propagation conditions at the trans- 
mitter based on the returned ACKs (acknowledgements 
from the receiver). If transmissions with a certain pre- 
amble length and rate fail (ACKs not received by trans- 
is mitter), the transmitter will have to use a more robust 
scheme. On the other hand, when transmission is good 
for a certain number of frames (ACKs received by trans- 
mitter), the transmitter may try to transmit with a higher 
throughput scheme. Besides in rate (the lower the rate, 
20 the more robust the transmission scheme is), the pre- 
amble length could be used as part of the fallback algo- 
rithm, assuming that a longer preamble is more robust 
than the short preamble. There are various ways to com- 
bine this with fallback rates. One implementation is to 
25 determine the rate first with long preambles and then try 
a short preamble for better throughput. 
[0033] In the implementation above the receiver 
makes an assessment on the signal quality with the RS- 
SI as measure. This is not a perfect indicator and the 
30 RSSI may not in all situations appropriately indicate the 
conditions for the short or long preamble processing. 
For example if the multipath effects are strong the RSSI 
may be good but the receiver still needs longer training 
to tune to the heavily distorted channel (combating in- 
35 tersymbol-interference). The implementation described 
above will come into a deadlock because the receiver 
will only try short trainings since the RSSI is good. One 
solution is to force the usage of the long preamble of all 
terminals, which is a reasonable solution in such an en- 
40 vironment. Another solution is a refinement to the inven- 
tion regarding the fallback algorithm. Not only the trans- 
mitter takes part in the fallback algorithm, but the receiv- 
er as well. Suppose the receiver misses a SFD: it will 
switch into the time-out mode. After a number of time- 
rs outs (missing a number of SFDs) the receiver is forced 
to use the long training branch independent of the RSSI. 
Frames with short preambles are not received any 
more, but the transmitter will have the fallback method 
that results in a frame (retransmission) with long pream- 
50 bte. 

[0034] The description of the inventions are based on 
a system with a long and a short preamble ability. In- 
stead of two options for the preamble length the system 
may have a more steps in preamble length or even a 
55 gradual preamble length, which allows the system to set 
the minimum required preamble for optimum through- 
put, depending on the assessed received signal quality. 
[0035] The above mentioned methods steps could be 
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implemented in system devices, but preferably in soft 
ware. 

[O036] The invention relates also to a communication 
system comprising one or more transmitters and receiv- 
ers. The transmitted signals between transmitters en re- 
ceivers in communication are provided with a preamble 
for training the receiver and/or transmitter. The receiver 
is provided with a quality measuring device to the input 
of which the received signal is fed and the output of 
which a quality value signal is developed. The output of 
the quality measuring device is connected to one input 
of a comparator and said comparator has another input, 
to which a threshold signal is supplied. The output of de 
comparator delivers a signal which represents the com- 
parison result. I n respons to the comparison a short pre- 
amble or long preamble processing is selected and 
used. Two or more thresholds with associated pairs of 
preambles having different lengths could be used. 
[0037] As quality measure a selection may be made 
among the signal-to-noise ratio, signal strength and sig- 
nal peak value. 

[0038] Usually a communication system is provided 
with an automatic gain control device, and advanta- 
geously the signal-to-noise ratio or the signal strength 
of the received signal is derived from said automatic 
gain control device. 

[0039] Preferrably the communication system is pro- 
vided with a fallback device, which could comprise a da- 
ta rate adjusting device and or a preamble selector de- 
vice, which devices are controlled dependent on the de- 
sired propagation conditions such as a minimum 
number of detection missings. 

[0040] The above devices are not shown and de- 
scribed in details because those skilled in the art could 
built devices without any problem. 

Claims 



strength is used as quality measure. 

5. Method according to claim 1 or 2, wherein the signal 
peak value is used as quality measure. 

5 

6. Method according to claim 1 , 2, 3 or 4, wherein the 
quality measure is derived from the automatic gain 
control. 

10 7. Method according to one of the claims 1 -6, wherein 
a fallback algorithm is used. 

8. Method according to claim 7, wherein based on 
propagation conditions the optimum data rate is de- 

15 termined and used. 

9. Method according to claim 6 or 7, wherein based on 
propagation conditions the correct working pream- 
ble length is selected. 

20 

10. Method according to claim 7, 8 or 9, wherein a pre- 
determined number of missing the detection of the 
signal is used as measure for the propagation con- 
ditions. 

25 

11. Method according to claim 7, 8, 9 or 10 wherein it 
is started with the long preamble. 

1 2. Method according to one of the claims 7-10, where- 
30 in all of the terminals are forced to use the long pre- 
amble in the absence of an acknowledgement of the 
correct propagation to be received from one or more 
receivers. 

35 13. Method according to one of the preceding claims, 
wherein before the decision of using the short or 
long preamble processing, antenna diversity is 
used. 



25 



1. Method for operating a communication system 
comprising one or more transmitters and receivers, 
in which the transmitted signals are provided with a 
preamble for training the receiver and/or the trans- 
mitter being in communication, characterized in 
that the quality of the received signal is measured 
and compared with a threshold and that if the quality 
is higher or lower than said threshold, a short pre- 
amble processing respectively a long preamble 
processing is used. 

2. Method according to claim 1, wherein more than 
one threshold and more than two preambles having 
different length are used. 

3. Method according to claim 1 or 2, wherein the sig- 
nal-to-noise ratio is used as quality measure 

4. Method accordingto claim 1 or 2, wherein the signal 



40 14. Communication system suitable for using the meth- 
od according to one of the preceding claims, com- 
prising one or more transmitters and receivers, in 
which the transmitted signals are provided with a 
preamble for training the receiver and/or the trans- 

45 mitter being in communication, characterized in 
that the receiver is provided with a quality measur- 
ing device to the input of which the received signal 
is fed and at the output of which a quality measure 
signal is developped and with a comparator to one 

so input of which the output of the quality measuring 
device is connected and to the other input of which 
a threshold signal is supplied, in which in response 
to the comparison , a short preamble or long pre- 
amble processing is used. 

55 

15. Communication system according to claim 14, 
wherein more than-one threshold and more than 
two preambles having different length are used. 
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16. Communication system according to claim 14 or 15, 
wherein the signal-to-noise ratio is used as quality 
measure. 

1 7. Communication system according to claim 1 4 or 1 5, 5 
wherein the signal strength is used as quality meas- 
ure. 

1 8. Communication system according to claim 1 4 or 1 5, 
wherein the signal peak value is used as quality 10 
measure. 

19. Communication system according to claim 14, 15, 
16 or 17, wherein the quality measure is derived 
from an automatic gain control device. 15 

20. Communication system according to one of the 
claims 14-19, wherein a fallback device is used. 

21. Communication system according to claim 20, 
wherein the fallback device is provided with a data 
rate adjusting device controlled by an acknowl- 
edgement signal representative for meeting propa- 
gation conditions for determining and using the op- 
timum data rate. 

22. Communication system according to claim 21, 
wherein the fallback device is provided with a pre- 
amble selecting device, by which based on propa- 
gation conditions, the correct working preamble 30 
length is selected. 

23. Communication system according to claim 21 or 22, 
wherein it is started with a long preamble. 

24. Communication system according to one of the 
claims 20 - 22, wherein the transmitters and receiv- 
ers are forced to use the long preamble in the ab- 
sence of an acknowledgement of the correct prop- 
agation to be received from one or more receivers. 

25. Communication system according to one of the pre- 
ceding claims, wherein before the decision of using 
the short or long preamble processing, antenna di- 
versity is used. 45 
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FIG. 4 
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FIG. 5 
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